The wide spectra of colonizing microorganism, likewise Burkholderia pseudomallei, has been found in different habitats, and presenting distinct activity, as exerting physiological functions among plants, or as a pathogen for man, animals and also as a phytopathogen. A common disease of men and animals caused by B. pseudomallei, melioidosis, is a severe morbidity that usually culminates in the host death. Soil samples from different areas in the Amapá state, in northern Brazil, were screened for environmental microorganisms to assess potential antimicrobial activity aiming at biotechnological applications. Among the prospected microorganisms, B. pseudomallei was isolated from high humidity soils, mangrove, which is rich in organic materials, produced by the diversified local flora and fauna. The isolated B. pseudomallei was identified by its biochemical profile and growth characteristics. Molecular confirmation of B. pseudomallei phenotypic identification was achieved by PCR amplification of the 16 S ribosomal DNA. The sequencing of amplified products confirmed that the Amapá sample, and two other isolates from human infections in Ceará state, northeast Brazil, were B. pseudomallei, and sequence alignement to the same specie, MSHR146 strain from Australia, and clone YN01 from uncultured Burkholderia sp., deposited in the GenBank, exhibited close phylogenetic relationship among them. Until now, there is no report of B. pseudomallei related disease among human and animal populations in the Amapá state, despite the finding of B. pseudomallei in it, in an area of water buffalo ranching and flowing small rivers utilized by human populations.
Introduction
B. pseudomallei is a very versatile facultative Gram negative intracellular bacterium, capable to cause diseases in humans, animals and also plants (Lee et al., 2010) . Melioidosis, a severe human disease caused by B. pseudomallei, presents a varied clinical expression and frequently culminate in the patient death, in more than 40 % of the infected subjects (Currie, 2015; Hoffmaster et al., 2013) . The pathogenicity of B. pseudomallei is of great concern among health authorities, so the laboratory diagnosis and studies of this organism must be carried out under the biosafety level 3, according to the Centers for Disease Control and Prevention (Emery et al., 2014) . The complex genome of B. pseudomallei comprises 2 circular chromosomes in a total size of 7.2 MB. Genetic variations due to the high recombination rate, among different clades of B. pseudomallei, contribute to its elevated virulence (Challacombe et al., 2014) . Phylogenetic analysis of different B. pseudomallei isolates, in the world, point out to the soil as their origin, as commonly reported in tropical and subtropical regions as the Southeast Asia, Australia and India (Radua et al., 2000; Nandagopal et al., 2012) . In Brazil, few sporadic cases of B. pseudomallei detection, infection and related diseases have been reported (Miralles et al., 2004; Rolim et al., 2011) . Here, it is described the first case of B. pseudomallei isolation from soil collected in the Amapá state, in northern Brazil, but unnoticed infection or related disease in man or animals etiologically linked to this microorganism is unknown and of great concern to health authorities due to disease severity and the high mortality rate.
Material and Methods

Collection of Samples
Soil samples were collected in 36 distinct geographical areas of the Amapá state (Sousa et al., 2013) . One kilogram of soil was sampled in the field, at 15 cm deep, with a cleaned and disinfected sampling tube, and transferred to sterilized plastic bags which were kept in ice box and transported to the Laboratory of Bioprospection at the University of Brasilia, distant 3 hours by plane from the collected areas. The soil samples were kept under refrigeration at 4 o C in the laboratory until processing.
Isolation and Identification of Soil Microorganisms
An aliquot of 50 mg of each soil sample was diluted in 9 mL of sterilized distilled water and spread out on Luria-Bertani agar utilizing an 1 μL inoculation loop. After 24 hours incubation at 37 o C, each grown colony was transferred into 4 mL of Luria Bertani broth under the same conditions previously reported. The purity of the colony was confirmed by growth in the same agar. The supernatant of purified grown colonies was filtered and tested for antimicrobial activity as described in Sousa et al. (2013) . Bacterial species whose supernatant showed activity against pathogenic microorganisms were identified by classical and automated methods (VITEK 2 automated identification system) utilizing the Biomerieux phenotypic identification kit. A soil sample collected in the Amapá county showed colonies that were confirmed to be B. pseudomallei, in the Laboratory of Bacterial Zoonosis, Oswaldo Cruz Institute/FIOCRUZ, Rio de Janeiro, RJ, Brazil, utilizing the methodology described in Miralles et al. (2004) , as briefly described. Isolated colonies, presenting characteristics of the Burkholderia genus, sent from the Laboratory of Bioprospection (University of Brasilia), were plated onto a selective MacConKey agar and also, on nutrient agar with 5 % of defibrinated sheep blood. Red colonies in MacConkey agar and non hemolytic in blood agar were subcultured in presumptive media (Pessoa & Rugai and Kligler agar). Preliminary analyses were performed according to Hofer (Hofer, E. Gram negative non fermentative bacteria, 1985 -not published), which includes the oxidase test, action of glucose in O-F medium and motility on semisolid agar plate, besides considering the previous growth on MacConkey agar. Samples were analysed in triplicate and results confirmed by repeating twice.
Molecular Analysis of B. pseudomallei Samples
DNA Extraction
Twenty-four hour growth culture of one colony of B. pseudomallei isolate in 5 mL of Brain Heart Infusion broth was centrifuged at 12,500Xg for 5 minutes, and the cell sediment was washed three times in 1 mL of saline buffer and resuspended in 180 μL of genomic digestion buffer and 20 μL of proteinase K (Invitrogen, US). After incubation at 55 o C for 15 hours, 20 μL of RNAse was added and homogenized. Sequentially, 200 μL of lysis genomic buffer was added to the mixture and vortexed, and 200 μL of absolute ethanol was added to the homogenized solution and mixed for 5 seconds. The lysed solution was transferred to a spin column, adjusted to a tube collector, and centrifuged for 10,000Xg for 1 minute. The spin column was washed two times with 500 μL of washing buffer for 3 minutes at 15,300Xg. DNA elution was carried out after transference of the spin column to a DNAse free eppendorf tube and adding 200 μL of genomic elution buffer. After centrifugation, the eluted solution was kept at -20 o C until utilization. DNA quality was ascertained by running the sample in 0.75 % agarose gel and visualization after ethidium bromide staining.
DNA Amplification by PCR
The DNA obtained from B. pseudomallei isolated from Amapá soil, and humans strains from Ceará state, kept at the Bacterial Zoonosis Laboratory/IOC/FIOCRUZ, were amplified by the Polymerase Chain Reaction utilizing primers targeting the 16 S rRNA genes (Bolivar et al., 2012) 
Sequencing of Amplified Products
PCR amplified products were purified using Millipore plate MSNU030 (Millipore SAS, Molsheim, France), and Sanger-sequenced in a MJ Research PTC-225 Peltier Thermal Cycler (Bio-Rad) using an ABI PRISM BigDyeTM Terminator Cycle Sequencing Kits with AmpliTaq DNA polymerase (FS enzyme), following the protocols supplied by the manufacturer. Single-pass sequencing was performed on each template using the same primers employed initially to amplify the 16 S rRNA genes. The fluorescent-labeled fragments were purified from the unincorporated terminators with BigDye®XTerminator TM purification protocol. The samples were resuspended in distilled water and subjected to electrophoresis in an ABI 3730xl sequencer, 96 capillary type (Applied Biosystems, Foster City, CA) at the Macrogen sequencing facility (Macrogen Inc., Seoul, Korea).
Nucleotide Sequence Analysis of B. pseudomallei
Obtained sequences were analyzed utilizing the on line suite of programs, Blast, available at the NCBI Blast homepage (http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastHome), by aligning the B. pseudomallei sequences from samples of the states of Amapá and Ceará to the B. pseudomallei GenBank deposited sequences, MSHR146 strain from Australia, and clone YN01 from uncultured Burkholderia sp. from China (Challacombe et al., 2014; Pan et al., 2015) .
Identification of Potential Proteins Products
Nucleotide query with sequences of amplified products of B. pseudomallei isolates of Amapá and Ceará, yielded hypothetical putative proteins by the use of a Blast program, blastx, available at http://blast.ncbi.nlm.nih.gov/ Blast.cgi?PROGRAM=blastx&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome. All molecular analysis were repeated for confirmation.
Results
A soil sample collected from a mangrove area in the Amapá county (N 02° 03' 18.9" W 050° 48' 39.6"), Amapá state, yield bacterial colonies in the agar that reacted positively in the oxidase test, presented motility and oxidized glucose. Gram staining revealed colonies to be Gram negative bacilli, in single or in palisade arrangement. A bipolar-staining bacilli was ascertained by the Wayson staining. Growth on nutrient agar with 3 % glycerol, exhibited exuberant colonies with dull, wrinkled, corrugated surface and radiating ridges after 96 hours at 37 °C; the bacterium was motile in semisolid agar, at 37 o C and room temperature. Growth characteristics and biochemical profile, confirmed by the analysis carried out in classical and automated methods. The VITEK 2 automated identification system phenotypically identified the species placing them at 81.83 % probability to be B. pseudomallei. Among different types of collected soil samples, from savannah areas, high forests, and inundated areas, the microorganism was isolated from high humidity soils, mangrove, which is rich in organic materials, produced by the diversified flora and fauna.
The amplification of DNA sequences extracted from isolates of the Amapá soil and strains isolates from Ceará state, showed bands at exactly the same position in the agarose gel after electrophoresis (Figure 1 ). The gene sequences obtained from the amplified products of 16 S Ribosomal DNA of the isolated B. pseudomallei from Amapá and Ceará states are shown in the complementary information. Alignment of gene sequences from amplified products of Amapá and Ceará isolates showed close phylogenetic proximity among them, as also when aligning to two other gene sequences deposited at the GenBank (Table 1) . Also, the simulated translated proteins of nucleotide sequences obtained from Amapá and Ceará samples yield the hypothetical putative proteins organized in the complementary information. 
Discussion
Initial experiments to detect environmental bacteria in the Amapá state exhibiting antimicrobial activity against human and animal pathogenic bacteria, allowed us to isolate a highly pathogenic environmental microorganism, B. pseudomallei, which also produced metabolites presenting antimicrobial activity (Sousa et al., 2013; Iliukhin et al., 2011) . Up to date, there is no report in the literature concerning human or animal infected by B. pseudomallei in the Amapá state, or even in the Amazon area of Brazil, although unidentified cases could have occurred.
Similarly to our findings of B. pseudomallei isolation from mangrove, it has been commonly reported the microorganism isolation from moist soil and water (Prakash et al., 2014; Knappik et al., 2015; Liu et al., 2015) . Also, the high pluviometric index in the Amapá state (Segovia et al., 2011) , as part of the Amazon region of Brazil, contributes to maintain the elevated soil humidity and natural collections of water. The Amapá county is intertwined by many rivers, exhibiting a rich fauna and flora. Cattle ranching is the main economic activity around the Amapá small town. Water buffaloes are spread out in the natural flood plains of the county and contribute to meat and milk production in the state (http://www.alice.cnptia.embrapa.br/alice/bitstream/doc/ 345690/1/IMPACTOSAMBIENTAISDABUBALINOCULTURANOSCAMPOS.pdf). Despite the isolation of B. pseudomallei in areas where domestic and wild animals inhabit, as also areas that communicate with rivers utilized by human populations, it is not known any notified cases of infection/disease by this microorganism. 8, No. 1; proteins (Smith et al., 2008) , it is not reported that the amplified sequences code for proteins, but gene regulation, switching sequences as introns or exons, could possibly explain the translated proteins corresponding to the mentioned sequence of B. pseudomallei. All proteins translated from the B. pseudomallei 16 S ribosomal gene sequences of the Amapá and Ceará isolates were mined from the GenBank. Gee et al. (2003) utilized the 16 S DNA sequence to phylogenetically compare different species of the Burkholderia genus.
Conclusion
It would be of great significance to look for coding genetic sequences and corresponding translated proteins that could be involved in the pathogenicity of B. pseudomallei. In conclusion, further studies of ecology and epidemiology are needed to unravel the relationship between the soil and the organism, and molecular typing methods such as those described here which greatly assisted such analysis.
